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Abstract
Background: Hodgkin's lymphoma survivors (HLSs) commonly report chronic fatigue, defined as high levels of
fatigue for 6 months or more. Underlying mechanisms are poorly understood. Based upon knowledge from other
populations, lifestyle parameters may be related to this increased and persistent fatigue. The primary objective of
the present study was to assess self-reported levels of physical activity, smoking habits and sleep patterns in HLSs
with and without chronic fatigue. The secondary objective was to compare these results with data from age and
gender adjusted data from the general population (Gen-Pop).
Methods: The Fatigue Questionnaire (FQ) and questions about daily smoking, sleep patterns and level of physical
activity were completed by 476 HLSs treated at Rikshospitalet-Radiumhospitalet Trust (RR). The Gen-Pop data
was derived from 56.999 inhabitants in a Norwegian county responding to a mail survey. Fischer's exact test, chi
square test and t-tests were used to compare groups. P-values < .05 were considered statistically significant. A
logistic regression analysis was performed in comparing the Gen-Pop with the HLSs.
Results: Level of physical activity, smoking habits and sleep patterns did not differ significantly between HLSs with
and without chronic fatigue. The multivariate logistic regression analysis adjusting for different covariates, showed
significantly more physically active men among HLSs compared with the Gen-Pop (OR = 1.50, CI 1.04 – 2.17), p
= .031. No significant difference was found among females (OR = 1.20, CI = 0.83 – 1.74), p = .33.
Conclusion: Lifestyle parameters did not seem to be related to increased and persistent fatigue among HLSs.
The results may indicate that the experience of Hodgkin's lymphoma increases the level of physical activity among
male HLSs.
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Hodgkin's lymphoma (HL) is a disease mainly affecting
young adults and with a good prognosis for survival since
more than 80% of HL patients can expect to live free of
disease five years after diagnosis [1]. Thus, HL generates a
population of survivors with long life expectancies. Hodg-
kin's lymphoma survivors like other cancer survivors are
at increased risk of late effects such as secondary malig-
nancies, cardiac diseases, pulmonary and psychosocial
problems [2-4]. In general, the health related quality of
life of survivors are slightly reduced [5,6].
Fatigue in Hodgkin's lymphoma survivors (HLSs) has
gained special attendance since it was first described in
1987 [7]. The experience of chronic fatigue (CF), defined
as elevated levels of fatigue for more than 6 months, is sig-
nificantly higher in HLSs than in the general population
[8,9]. Studies comparing HLSs to testicular cancer survi-
vors (TCSs) and to the general population have demon-
strated that the prevalence of chronic fatigue is higher
among HLSs (25–26%) than among TCSs (16%) and the
general population (10–11%) [8-12]. However, there is
limited knowledge about the underlying mechanisms of
persistent fatigue in disease-free cancer patients after suc-
cessful curative treatment. HLSs with pulmonary dysfunc-
tion report more fatigue than HLSs with normal
pulmonary function [6]. HLSs with chronic fatigue also
report decreased subjective physical functioning com-
pared to non-fatigued survivors, and HLSs in general
report decreased levels of physical functioning compared
to the general population [5,8].
Acute fatigue most probably starts with a biological proc-
ess that has ensued from the disease and/or its treatment.
Most patients interpret fatigue as a signal to limit their
activity and to rest. This may be effective in relation to
acute fatigue in order to regulate the balance between rest
and activity, resulting in restoration when needed. How-
ever, the experience of fatigue may provoke psychological
and biological reactions that maintain or exacerbate
fatigue in a vicious circle. Chronic fatigue, somatic seque-
lae and psychological distress separately or in combina-
tion may lead to decreased levels of physical activity.
Theoretically, chronic fatigue may therefore lead to low
level of physical activity in HLSs and subsequently inten-
sify the experience of fatigue. To our knowledge, no inves-
tigators have evaluated this topic in detail in a large
sample of HLSs.
Physical exercise has shown promising effects in terms of
reducing the level of fatigue in patients with a diagnosis of
chronic fatigue syndrome (CFS), in cancer patients suffer-
ing from fatigue during and immediately after active treat-
ment, and in a small pilot study among nine HLSs
suffering from chronic fatigue [13-17].
Generally, physically active individuals seem to have a
healthier lifestyle than physically inactive individuals.
They report lower alcohol consumption, less smoking,
better sleep and presumably tackle stress better than inac-
tive people [18]. Cancer survivors are at greater risk of co-
morbid chronic conditions and death from non-cancer
causes, and it is therefore reason to assume that a healthy
lifestyle in terms of regular exercise and sleep patterns,
smoking cessation and maintaining a healthy diet is par-
ticularly important in cancer survivors [19]. Physical activ-
ity habits among cancer survivors compared to non-
cancer controls have been evaluated in a number of stud-
ies showing mixed results [20]. In one study, long-term
survivors of testicular cancer reported to be more physi-
cally active than men in the general population [21].
Compared to a non-cancer comparison group, there were
no evidence of differences between cancer survivors with
various diagnosis and controls regarding levels physical
activity and vegetable and fruit consumption [22]. How-
ever, the cancer survivors were significantly more likely to
smoke, but neither groups met the American Society rec-
ommendations for smoking, eating fruits and vegetables,
engaging in regular physical activity or maintaining a nor-
mal weight [22]. Blanchard et al. reported that compared
to non-cancer controls, breast cancer survivors engage in
as much physical activity as controls, but the groups differ
in types of physical activity [23]. However, no study has
explored the level of physical activity in HLSs. Because of
the high prevalence of chronic fatigue and the late effects
in HLSs, it is of special relevance to compare them to the
general population with reference to morbidity and mor-
tality.
In the present cross-sectional study we therefore
addressed the question of whether lifestyle parameters
such as physical activity, smoking and sleep patterns may
be associated with chronic fatigue among HLSs. The main
aim was to compare the level of physical activity (LPA) in
HLSs suffering from chronic fatigue with the LPA in non-
fatigued HLSs. We also explored smoking habits and sleep
patterns in the same populations. The secondary aim was
to compare lifestyle parameters in survivors with and
without chronic fatigue to men and women in the same
age range from the general population. Finally, we identi-
fied parameters that influenced physical activity. The
hypothesis was that the experience of chronic fatigued
among HLSs reduces the level of physical activity.
Methods
Study samples
Data from a study among HLSs treated at the Radiumhos-
pitalet-Rikshospitalet Trust (RR) were compared to data
from a large population survey conducted in the county of
North-Trøndelag in Norway (Gen-Pop), serving as general
population controls [24]. In both studies, individualsPage 2 of 11
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naires and one written reminder if they did not respond
after the first mailing.
Hodgkin's lymphoma survivors (HLSs)
The present study was launched in 2002 with the overall
aim to assess the level and prevalence of fatigue [8], qual-
ity of life [25] and lifestyle in HLSs treated at RR in the
period 1971–1997. Beginning in 1971, all patients with
Hodgkin's lymphoma treated at the RR were registered in
a Hodgkin's registry. Survivors in the present study were
identified from this database.
Before 1980, the majority (92%) of Norwegian cancer
patients in the age group between 15 and 39 years of age
who were diagnosed with Hodgkin's lymphoma received
treatment at the RR. The corresponding percentages in the
age groups 40–59 years and above were 80% and 53%
respectively [26]. After 1980, the treatment of Hodgkin's
lymphoma gradually became more decentralised,
although the RR still serves as the referral hospital for a
health region that includes about 50% of the total popu-
lation of Norway. The eligibility criteria for the present
study included patients diagnosed for Hodgkin's lym-
phoma in the period 1971–1997, 15 years or older at the
time of diagnosis and aged 20–74 years in 2002. All
patients should be in complete remission, without signs
of secondary cancers, and should not have received any
treatment for Hodgkin's lymphoma during the last three
years prior to assessment.
General Population (Gen-Pop)
From 1995 to 1997, all inhabitants in the county of
North-Trøndelag in Norway aged 18 years and above were
invited to participate in a large cross-sectional study of
physical and psychosocial health. Individuals were asked
to complete a questionnaire packet and to undergo a
physical examination. The participation rate was 71%.
The eligibility criteria for this study allowed for the inclu-
sion of men and women who were between 20 and 74
years old when answering the questionnaire.
Measures
The HLSs and the Gen-Pop received different self-report
questionnaires. However, the variables included in the
present analyses were identical in both cohorts. The ques-
tions are the same as those asked of participants in the
North-Trøndelag health study (the HUNT study) in Nor-
way and can be found in an article by Holmen et al. [24].
For the HLSs, the packet also included the Fatigue Ques-
tionnaire (FQ) for use in the present study [27]. Relevant
clinical variables among the HLSs, such as date of diagno-
sis, stage, histology, treatment and current disease status
(relapse or not) were retrieved from the Hodgkin's data-
base at the RR.
Fatigue questionnaire (FQ)
The FQ (11 items) is intended to measure fatigue severity
and to detect cases in clinical and epidemiological studies
[27]. The FQ asks about fatigue symptoms experienced
during the last month compared with how the subject felt
when she or he was last feeling well. Additionally, two
items ask about the duration and the extent of fatigue.
Seven items measure physical fatigue (PF) and four items
measure mental fatigue (MF). All 11 items are designated
total fatigue (TF). Each item has four response choices.
Likert-scoring (0, 1, 2, 3) is used for the construction of
PF, MF and TF, with higher scores implying more fatigue.
A dichotomised score (0, 0, 1, 1) is used in the definition
of chronic fatigue; a sum of dichotomised scores ≥ 4 and
a duration of six months or longer is designated chronic
fatigue.
The FQ was originally validated in primary care, and has
demonstrated good face and discriminant validity and
good and stable psychometric properties across popula-
tions [27,28]. A two-dimensional structure (mental and
physical fatigue) is confirmed in a norm study, and the
two subscales correlated moderately (r = .46) [27]. Discri-
minant validity was further supported by the differences
in TF between the different health status [27]. No specific
validation study has been performed in cancer patients.
However, the FQ has been use in studies among both
Hodgkin's lymphoma patients and in patients with pros-
tate cancer receiving hormonal therapy [28,29]. The psy-
chometric properties demonstrated in these studies
correspond with reports from the validation study and
from studies in non-cancer populations. By comparing
the FQ with the fatigue question in the Revised Clinical
Interview Schedule, a relative operating characteristics
analysis suggested that a cut off point of 4 or higher on a
dichotomized scale would be the optimum cut off for a
case definition.
Level of physical activity
The main study outcome was level of physical activity
(LPA), and was assessed by one question, which described
two sublevels of physical activity. The first described a low
level of activity, such as walking, the other a high level of
activity that leads to sweating and breathlessness. Forms
with missing values for both responses were excluded
from analyses. This question has recently been validated
[30]. The question for hard LPA has acceptable repeatabil-
ity and appears to be a valid measure for vigorous activity.
The participants were divided into three groups, according
to their level of physical activity (LPA) (see Figure 1) [21]:
Group 1. 'Inactive': no low-level activity or low-level activ-
ity < 1 h per week and no high-level activity.Page 3 of 11
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week, and either no high-level activity or < 1 h per week.
Group 3. 'Highly active': independent of the level of low-
level activity, high-level activity ≥ 1 h per week.
Groups 2 and 3 were combined into one representing the
physically active group and compared with group 1 (inac-
tive group) in the logistic regression analysis.
Smoking and sleep patterns
Two questions were used to survey sleep patterns: 1) 'dur-
ing the last month, have you had trouble falling asleep?'
and 2) 'during the last month, did you wake up early and
were unable to get back to sleep?' The response categories
were: 'never', 'sometimes', 'often' and 'almost every night'.
In the final analysis, the answers were dichotomised to a
yes/no variable with never/sometimes categorised into
'no' (not having sleeping problems) and often/almost
every night categorised into 'yes' (having sleeping prob-
lems) [26].
One question was used to map smoking habits: 'Do you
smoke cigarettes or cigars daily?' with the response alter-
natives being yes/no [26].
Statistical analysis
Comparisons between groups were performed by Fisher's
exact test for nominal variables, chi square test for trend
(linear-by-linear test) for ordinal variables, and t-tests for
scale variables. P-values < .05 criteria were considered as
statistically significant.
A logistic regression analysis with physical activity (yes
versus no) as the dependent variable was performed in the
analysis comparing the Gen-Pop with the HLSs, adjusting
for the covariates age, group (HLSs/Gen-Pop) and educa-
tional level. The odds ratios (OR) are presented as esti-
mates and 95% Confidence Intervals (95% CI). All tests
were two-sided. The analysis was performed in the entire
population (men and women) and men and women sep-
arately. Possible interactions were checked, as well as lin-
earity in age. Significant interactions (only including
gender) were accounted for by using separate analyses for
men and women. All analyses were performed using SPSS
for Windows (PC version 12.0).
Ethical considerations
Data collection was conducted according to the guidelines
of Helsinki Declaration. The Regional Committee for
Medical Research Ethics, Health Region I, Norway, and
the Institutional Review Board at the NRH approved the
study. Appropriate informed consent was obtained from
all respondents.
Results
A total of 611 patients met the inclusion criteria. Ten
patients were no longer registered with the Norwegian
Level of physical activity (LPA)Figure 1
Level of physical activity (LPA).
Question: What has your leisure time physical activity level been during the 
last year? (Estimate a weekly average for the year, walking to work counts as 
leisure time)   
 Response categories Hours per week 
  No < 1 1-2 > 3 
Low-level activity 
(not sweaty/breathless) 
    
High-level activity 
(sweaty/breathless)  
    
 
 
 “Inactive”  “Minimally active”  “Highly active” 
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who had received the majority of their treatment in
another health region and who had participated in
another postal survey on psychosocial late effects prior to
the present were not contacted. The remaining 591 eligi-
ble patients were contacted by mail. A total of 479
returned the questionnaire packet. However, three
patients failed to fill in the FQ, and were excluded from
analysis in this report. Thus, the response rate for the FQ
was 81% (476/591). The respondents had a mean age of
46 years (range 21–73) and 56% were males (N = 267).
There were more males than females among the non-
responders (21% v 14.5%, respectively (p < .05), whereas
no significant differences were found with age, observa-
tion time, primary treatment, and relapse between
responders and non-responders.
One hundred forty-three of the 476 HLSs reported CF
(30%). The basic characteristics among fatigued and non-
fatigued HLSs are presented in Table 1. No significant dif-
ferences in basic characteristics between the fatigued and
the non-fatigued groups were found, except for stage/sub-
stage and a trend towards a shorter interval time since
diagnosis among the fatigued survivors (204 versus 189
months, p = .07)
Self-reported physical activity level, smoking habits and
sleep problems did not differ significantly between HLSs
with and without fatigue (presented in Table 2). The logis-
tic regression analysis with physical activity (yes/no),
smoke (yes/no) and sleep disturbance (yes/no) as
dependent variables adjusting for age, gender and level of
education yielded similar results, with no differences in
self-reported physical activity levels between chronic
fatigued and non-fatigued HDS groups (results not
shown).
The fatigued and the non-fatigued HLSs were therefore
combined into one group (HLSs) and compared with the
Gen-Pop in the subsequent analyses (Table 3). There were
no significant differences in age across samples; however,
the proportion of men was significantly higher in the
HLSs sample, 56% versus 44% (p <0.0001). Among the
Table 1: Basic characteristics of fatigued and non-fatigued HLSs
HLSs with chronic fatigue (N = 143) HLSs without chronic fatigue (N = 333) p-value
Gender (N (%)) .87
Male 81 (56) 186 (57)
Female 62 (44) 147 (43)
Age at time of the study .37
(years)(mean ± SD) 47 (11.3) 46 (11.8)
Age at diagnosis .98
(years)(mean ± SD) 30 (10.6) 30 (10.6)
Observational time .07
(months)(mean ± SD) 204 (89.5) 189 (82.6)
Marital status (N (%)) .47
Single 21 (14) 38 (11.)
Married/cohabitant 105 (73) 250 (75)
Divorced/separated 3 (2) 9 (3)
Widow/widower 14 (10) 35 (11)
Educational Level (N (%)) .11
≤ 10 years 29 (20) 60 (18)
≥ 11 years, 54 (38) 151 (46)
University < 4 years 21 (15) 67 (21)
University ≥ 4 years 38 (27) 49 (15)
Stage/substage N (%) .05
IA/IIA 60 (42) 171 (51)
IB/IIB 30 (21) 39 (12)
IIIA/IVA 23 (16) 58 (17)
IIIB/IVB 29 (20) 65 (20)
Primary treatment (N (%)) .18
Chemotherapy 26 (18) 55 (16)
Radiotherapy 39 (27) 108 (32)
Radiotherapy +Chemotherapy 76 (53) 168 (51)
Other treatment 1 (1) 1 (1)
Missing 1 3
Relapse N (%) 16 (1) 38 (11) .81
Non-CR 11 (8) 23 (7)Page 5 of 11
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tion, 37% versus 21% respectively (p < 0.0001). A signifi-
cantly lower proportion of smokers was found in the HLSs
compared to the Gen-Pop, 25% versus 31%, (p = 0.005).
Furthermore, the HLSs reported to be more physically
activey than the Gen-Pop, with 48% and 25% respectively
being highly active, (p < 0.0001) (see Figure 2). In con-
trast, however, the HLSs reported significantly more prob-
lems than the Gen-Pop with falling asleep and waking up
early (p < .0001).
A multivariate logistic regression analysis with physical
activity (yes/no) as the dependent variable and sample
(Gen-Pop/HLSs), age, education, smoking (yes/no) and
early wakening (yes/no) as covariates was performed.
Because of interaction, separate analyses were done for
men and women. Being a male HLSs increased the chance
of being physically active by 50% compared to males in
the Gen-Pop, (OR = 1.50, CI 1.04 – 2.17), p = .031 (Table
4), while no significant difference was found among the
females (OR = 1.20, CI = 0.83 – 1.74), p = .33, (Table 5).
For both genders, physical activity (yes/no) increased with
higher level of education, decreased with increasing age,
and was lower among smokers than non-smokers. Finally
physically active persons reported less sleep disturbances
than inactive individuals.
A multivariate logistic regression analysis with physical
activity (yes/no) as the dependent variable and sample
(Gen-Pop/HLSs), age, education, smoking (yes/no) and
early wakening (yes/no) as covariates was performed
using a different cut-off point between active and inactive.
Groups 1 and 2 were combined into one representing the
physically inactive group and compared with group 3
(active group) in the logistic regression analysis yielded
same results among the males. Being male HLSs increased
the chance of being active compared to males in the Gen-
Pop, (OR = 2.2, CI 1.7 – 2.9), p ≤ 0.001. However, using
this cut-off point, also the female HLSs increased the
chance of being active compared to females in the Gen-
Pop (OR = 2.6, CI 1.9 – 3.6), p ≤ 0.001 (results not pre-
sented in tables).
Discussion
In this cross-sectional study, the level of self-reported
physical activity and other self-reported life-style variables
(i.e. smoking and sleep patterns) did not differ between
chronic fatigued and non-fatigued HLSs. Furthermore,
more male HLSs were physically active than in the general
population, but no such difference was found among the
females. Among both genders, those individuals who
reported being physically active had a significantly higher
level of education, were significantly younger, and were
less likely to report smoking or having sleep problems.
The major strengths of this study are the comparison with
the general population, the use of the same questionnaire
to assess the level of physical activity, smoking and sleep
in the two populations as well as the large sample sizes in
both cohorts. The response rate was good and it is not
likely that the non-responders have biased our results. The
sample from the general population is representative
because it includes all subjects in the North-Trøndelag
county with same age range as the HLSs.
Self-report questionnaires are often applied to evaluate
LPA in population based studies. However, all types of
self-reporting tools are vulnerable to bias and self-report
of physical activity habits is problematic in terms of valid-
ity. There is currently no standardised method for assess-
Table 2: Comparison between HLSs with chronic fatigue and HLSs without chronic fatigue in self-reported physical activity, smoking 
habits and sleep patterns
HLSs with chronic fatigue 
(N = 143) (30%)
HLSs without chronic fatigue 
(N = 333) (70%)
p-value
Smoker N (%) 39 (28) 77 (24) .38
Missing 5 17
Physical activity (N (%)) .52
'Inactive' 22 (15) 55 (17)
'Minimally active' 48 (34) 120 (36)
'Highly active' 73 (51) 158 (47)
Problems to get to sleep (N (%)) .49
'Never/sometimes' 98 (70) 243 (73)
'Often/almost every night' 42 (30) 88 (27)
Missing 3 2
Early wakening (N(%)) .49
'Never/sometimes' 98 (70) 244 (74)
'Often/almost every night' 42 (30) 87 (26)
Missing 3 2Page 6 of 11
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standard" against which other methods can be validated.
We regard self-report with two final response categories as
sufficient for the purposes of this study. One recently pub-
lished study showed that the use of different numerical
response scales had a significant impact on the estimated
percentage of regular exercisers [31]. Earlier studies have
recommended a division of the level of physical activity
into two main groups reflecting 'physically active' and
'physically inactive' individuals respectively. We therefore
divided the level of physical activity into two main groups
reflecting 'physically active' and 'inactive' individuals
because this has been recommended by others [32]. Reli-
ability and validity studies on self reported physical activ-
ity have shown that grouping physical activity into two
categories (high intensity versus less than high intensity)
resulted in a higher reliability and validity than setting the
cut-off point between low and no activity [33].
However, we cannot exclude the possibility that people
who have been seriously ill are especially aware of their
health status and therefore report being more physically
active than those without a history of cancer. Although
there is a risk of misclassification of level of physical activ-
ity, its impact is estimated to be limited.
Our finding that fatigued and non-fatigued HLSs reported
the same levels of physical activity was surprising. Exercise
training is one of the few interventions suggested to pre-
vent or alleviate fatigue among cancer patients and survi-
vors, but so far the research supporting this suggestion
and the mechanisms behind it are still limited [17,34-39].
In line with our findings that the physical activity level
was equal in fatigued and non-fatigued survivors, no sig-
nificant difference in peak exercise capacity (VO2 peak)
was found between the fatigued and the non-fatigued
HLSs in a previous pilot study [17]. However, the number
of patients in this pilot study was small and a possible
type II error cannot be ruled out.
Self-reported physical activity may give an indication of
how much physical exercise/activity individuals under-
Comparisons between Hodgkin's lymphoma survivors (HLSs) and Gen-Pop in self-reported physical activity divided into three levels (inactive, minimally active and highly ctive)Figure 2
Comparisons between Hodgkin's lymphoma survivors (HLSs) and Gen-Pop in self-reported physical activity divided into three 
levels (inactive, minimally active and highly active).Page 7 of 11
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However, complementary data on type, frequency and
content of physical exercise/activity are necessary to be
able to draw conclusions regarding possible interventions
against chronic fatigue. Future studies should therefore be
designed in order to thoroughly and objectively assess
physical performance in chronic fatigued and non-
fatigued cancer survivors. Possible approaches could
involve measuring maximal oxygen capacity, muscle
strength and/or monitoring physical activity with moni-
toring devices during the day [40].
The North-Trøndelag County population is considered to
be representative of the Norwegian population as a whole.
However, it is a rural district without densely populated
areas and no cities with more than 50,000 residents. The
level of education and income is lower than the national
average. Low education and low income are shown to be
associated with low levels of physical activity [41]. In
accordance with these limitations, an extensive generalisa-
tion to Norway may be limited. A possible underreporting
of the level of physical activity may also exist in this pop-
ulation. They may be physically active during work and
daily activities, but may not perceive this as being physi-
Table 3: Comparison between HLSs and the Gen-Pop
HLSs (N = 476) Gen-Pop (N = 56999) p-value
Age at questionnaire (years)(mean ± SD) 46 (11.6) 47 (14.3) .19
Gender N (%) < .0001
Male 267 (56) 27082 (47)
Female 209 (44) 29917 (53)
Smoker N (%) 115 (25) 16916 (31) .005
Education < .0001
'< 10 years' 89 (19) 18453 (34)
'> 11 years' 204 (44) 24611 (44)
'University < 4 years' 88 (19) 7144 (13)
'University ≥ 4 years' 87 (19) 4595 (8)
Physical activity (N (%)) < .0001
'Inactive' 77 (16) 14510 (26)
'Minimally active' 167 (35) 27973 (49)
'Highly active' 231 (49) 14516 (25)
Problems to get to sleep (N (%)) < .0001
'Never/sometimes' 341 (72) 43394 (92)
'Often/almost every night' 130 (28) 3903 (8)
Early wakening (N(%)) < .0001
'Never/sometimes' 342 (73) 43139 (91)
'Often/almost every night' 129 (27) 4254 (9)
Table 4: Multivariate logistic regression analysis among men with physical activity (yes/no) as the dependent variable
'Physical activity'
No (0) Yes (1) OR (95%CI) p-value
All
Gen-Pop (0) 6367 (23) 20715 (77) 1.0 .031
HLSs (1) 36 (13) 231 (87) 1.50 (1.04 – 2.17)
Age (years) (SD) 50 (14.6) 47 (14.0) 0.993 (0.991 – 0.996) < .001
Education
Primary/secondary school (0) 2516 (32) 5342 (68) 1.0 < .001
High school (1) 2706 (21) 10209 (79) 1.58 (1.47 – 1.72)
College/university < 4 years (2) 416 (13) 2838 (87) 2.87 (2.51 – 3.29)
College/university ≥ 4 years (3) 220 (9) 2157 (91) 3.81 (3.22 – 4.50)
Sleeping problems
No (0) 4520 (22) 16145 (78) 1.0 < .001
Yes (1) 397 (29) 974 (71) 0.74 (0.65 – 0.85)
Smoking
No (0) 3761 (21) 14468 (79) 1.0 < .001
Yes (1) 2214 (29) 5418 (71) 0.71 (0.66 – 0.77)Page 8 of 11
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have changed in the past few decades, and both daily
activities and physical activity patterns have changed dra-
matically, while the need for physical strength and endur-
ance has decreased. Studies report that daily physical
activities have decreased, while exercise leading to sweat-
ing has increased during this period [42].
Results from studies comparing physical activity levels
among cancer survivors to the general population are
mixed. As compared to the general population, most stud-
ies suggest that cancer survivors have higher levels of activ-
ity, but some suggest no difference and one suggests less
[20]. In support of our findings, Thorsen and colleagues
recently reported similar results in testicular cancer survi-
vors (TCSs). These individuals were significantly more
physically active than the general population [21]. Among
a group of lymphoma/leukaemia patients compared to
non- cancer controls, there was a trend towards more con-
trols being physically inactive than the cancer survivors
[43]. Other recently published studies suggested that
breast cancer survivors and a group of mixed cancer survi-
vors were as physically active as healthy controls [23,43].
In our study, 25% of the HLSs reported being daily smok-
ers, versus 31% in the Gen-Pop. As opposed to our find-
ings, Ruffer et al. found a higher percentage of smokers
among HLSs compared to a matched control group [9].
Unfortunately, they did not report on physical activity lev-
els among their patients. A higher proportion of smokers
among TCSs compared to healthy controls were also
found by Thorsen et al. [21]. In contrast, Nord et al. found
no significant difference in smoking habits when compar-
ing a group of mixed cancer survivors to matched con-
trols. However, a sub-analysis investigating only
lymphoma/leukaemia patients showed results similar to
those from our study, with a significantly lower percent-
age of smokers (13% versus 29%) [43].
Surviving a life-threatening disease, such as cancer, may
lead to alterations of habits and life-style with more focus
on health-promoting activities. Newly published results
indicate that cancer survivors are likely to make lifestyle
changes; however, those who are male, older and less edu-
cated are less likely to adopt these changes [20,44].
This is important, because the risk of developing late
effects (caused by radiation and/or chemotherapy treat-
ment) such as cardiovascular disease may be even higher
than the risk of relapse or secondary malignancies [45-
47]. The majority of patients who get the diagnosis Hodg-
kin's lymphoma are young men (< 40 years), and most are
cured. Increasing physical activity has clearly been shown
to attenuate cardiovascular risk in men, although other
unfavourable coronary risk factors remained unchanged
[48,49]. Because of this notable risk in Hodgkin's lym-
phoma survivors, it is important to obtain more insight in
the level of physical activity and the physical fitness these
patients have.
Conclusion
Although a high proportion of HLSs suffer from chronic
fatigue, they report the same levels of physical activity,
smoking and sleep problems as non-fatigued individuals.
Compared to a general population sample, the HLSs as a
group smoke less, and a higher proportion of the HLSs are
physically active. However, our results indicate that HLSs
have more sleep problems. Given the present knowledge
Table 5: Multivariate logistic regression analysis among women with physical activity (yes/no) as the dependent variable
'Physical activity'
No (0) Yes (1) OR (95%CI) p-value
All 8184 21941
Gen-Pop (0) 8143 (27) 21774 (73) 1.0
HLSs (1) 41 (21) 167 (79) 1.20 (0.83 – 1.74) .33
Age (years) (SD) 53 (14.6) 45 (13.7) 0.977 (0.975 – 0.979) < .001
Education
Primary/secondary school (0) 4026 (38) 6658 (62) 1.0
High school (1) 2480 (21) 9420 (79) 1.64 (1.53 – 1.77)
College/university < 4 years (2) 552 (14) 3426 (86) 2.49 (2.21 – 2.80) < .001
College/university ≥ 4 years (3) 259 (11) 2046 (89) 3.16 (2.71 – 3.69)
Sleeping problems < .001
No (0) 5662 (24) 17408 (76) 1.0
Yes (1) 956 (36) 1706 (64) 0.76 (0.69 – 0.83)
Smoking
No (0) 4797 (25) 14141 (75) 1.0
Yes (1) 2801 (30) 6598 (70) 0.78 (0.69 – 0.83) < .001Page 9 of 11
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lems, future studies should further explore a possible
association between sleep disruptions and fatigue.
Competing interests
The author(s) declare that they have no competing inter-
ests.
Authors' contributions
LMO was responsible for collection of the data and writ-
ing the paper. SL was responsible for and conducted the
data analysis in cooperation with LMO and LT. JHL, LMO,
HH, ABJ, SK and SDF conceived and designed the study.
MJH and JHL contributed to the writing of the paper
together with the first author. All authors read and
approved the final manuscript.
Acknowledgements
We wish to thank the North-Trøndelag Health Study (the Hunt Study), 
which is a collaborative between the HUNT Research Centre, Faculty of 
Medicine, Norwegian University of Science and Technology (NTNU), Ver-
dal, the National Institute of Public Health, the Norwegian Screening Serv-
ice of Norway, and the North-Trøndelag Health County Council. The study 
was financed with funds from the Norwegian Cancer Society and the Nor-
wegian Foundation for Health and Rehabilitation.
References
1. Aleman BM, van den Belt-Dusebout AK, Klokman WJ, van't Veer MB,
Bartelink H, van Leeuwen FE: Long-term cause-specific mortal-
ity of patients treated for Hodgkin's disease.  J Clin Oncol 2003,
21:3431-3439.
2. Abrahamsen JF, Andersen A, Hannisdal E, Nome O, Abrahamsen AF,
Kvaløy S: Host H: Second malignancies after treatment of
Hodgkin's disease: the influence of treatment, follow-up
time, and age.  J Clin Oncol 1993, 11:255-261.
3. Lund MB, Kongerud J, Boe J, Nome O, Abrahamsen AF, Ihlen H, For-
fang K: Cardiopulmonary sequelae after treatment for Hodg-
kin's disease: increased risk in females?  Ann Oncol 1996,
7:257-264.
4. Loge JH, Abrahamsen AF, Ekeberg O, Hannisdal E, Kaasa S: Psycho-
logical distress after cancer cure: a survey of 459 Hodgkin's
disease survivors.  Br J Cancer 1997, 76(6):791-796.
5. Loge JH, Abrahamsen AF, Ekeberg O, Kaasa S: Reduced health-
related quality of life among Hodgkin's disease survivors: a
comparative study with general population norms.  Ann Oncol
1999, 10:71-77.
6. Knobel H, Loge JH, Lund MB, Forfang K, Nome O, Kaasa S: Late
medical complications and fatigue in Hodgkin's disease sur-
vivors.  J Clin Oncol 2001, 19:3226-3233.
7. Fobair P, Hoppe RT, Bloom J, Cox R, Varghese A, Spiegel D: Psycho-
social problems among survivors of Hodgkin's disease.  J Clin
Oncol 1986, 4:805-814.
8. Hjermstad MJ, Fossa SD, Oldervoll L, Holte H, Jacobsen AB, Loge JH:
Fatigue in long-term Hodgkin's Disease survivors: a follow-
up study.  J Clin Oncol 2005, 23:6587-6595.
9. Ruffer JU, Flechtner H, Tralls P, Josting A, Sieber M, Lathan B, Diehl
V: Fatigue in long-term survivors of Hodgkin's lymphoma; a
report from the German Hodgkin Lymphoma Study Group
(GHSG).  Eur J Cancer 2003, 39:2179-2186.
10. Bloom JR, Fobair P, Gritz E, Wellisch D, Spiegel D, Varghese A,
Hoppe R: Psychosocial outcomes of cancer: a comparative
analysis of Hodgkin's disease and testicular cancer.  J Clin Oncol
1993, 11:979-988.
11. Fossa SD, Dahl AA, Loge JH: Fatigue, anxiety, and depression in
long-term survivors of testicular cancer.  J Clin Oncol 2003,
21:1249-1254.
12. Loge JH, Abrahamsen AF, Ekeberg O, Kaasa S: Hodgkin's disease
survivors more fatigued than the general population.  J Clin
Oncol 1999, 17:253-261.
13. Fulcher KY, White PD: Randomised controlled trial of graded
exercise in patients with the chronic fatigue syndrome.  BMJ
1997, 314:1647-1652.
14. Segal RJ, Reid RD, Courneya KS, Malone SC, Parliament MB, Scott
CG, Venner PM, Quinney HA, Jones LW, et al.: Resistance Exercise
in Men Receiving Androgen Deprivation Therapy for Pros-
tate Cancer.  J Clin Oncol 2003, 21:1653-1659.
15. Mock V, Dow KH, Meares CJ, Grimm PM, Dienemann JA, Haisfield-
Wolfe ME, Quitasol W, Mitchell S, Chakravarthy A, Gage I: Effects
of exercise on fatigue, physical functioning, and emotional
distress during radiation therapy for breast cancer.  Oncol
Nurs Forum 1997, 24:991-1000.
16. Wigers SH, Stiles TC, Vogel PA: Effects of aerobic exercise ver-
sus stress management treatment in fibromyalgia. A 4.5
year prospective study.  Scand J Rheumatol 1996, 25:77-86.
17. Oldervoll LM, Kaasa S, Knobel H, Loge JH: Exercise reduces
fatigue in chronic fatigued Hodgkin's disease survivors-
results from a pilot study.  Eur J Cancer 2003, 39:57-63.
18. Strine TW, Okoro MS, Chapman DP, Balluz LS, Ford ES, Umed AA,
Mokdad AH: Health-Related Quality of Life and Health Risk
Behaviors Among Smokers.  Am J Prev Med 2005, 28:182-187.
19. Eakin EG, Youlden DR, Baade PD, et al.: Health status of long-
term cancer survivors: results from an Australian population
based sample.  Cancer Epidemiol Biomarkers Prev 2006,
15:1969-1976.
20. Demark-Wahnefried W, Aziz NM, Rowland JH, Pinto BM: Riding
the Crest of the Teachable Moment: Promoting Long-Term
Health After the Diagnosis of Cancer.  J Clin Oncol 2005,
23:5814-5830.
21. Thorsen L, Nystad W, Dahl O, Klepp O, Bremnes RM, Wist E, Fossa
SD: The level of physical activity in long-term survivors of tes-
ticular cancer.  Eur J Cancer 2003, 39:1216-1221.
22. Eakin EG, Youlden DR, Baade PD, Lawler SP, Reeves MM, Heyworth
LF: Health behaviors of cancer survivors: data from an Aus-
tralian population-based survey.  Cancer Causes Control 2007,
18:881-894.
23. Blanchard CM, Cokkinides V, Courneya KS, Nehl EJ, Stein K, Baker F:
A Comparison of Physical Activity of Posttreatment Breast
Cancer Survivors and Noncancer Controls.  Behavioral Medicine
2003, 28:140-149.
24. Hjermstad MJ, Oldervoll L, Fosså SD, Holte H, Jacobsen AB, Loge JH:
Quality of life in long-term Hodgkin's disease survivors with
chronic fatigue.  Eur J Cancer 2006, 42:327-333.
25. Abrahamsen AF, Egeland T, Hansen S, Langholm R, Holte H, Kvaløy
S: Hodgkin's disease in a national and hospital population:
Trends over 20 years.  Eur J Cancer 1997, 33:2380-2383.
26. Holmen J, Midthjell K, Kruger Ø, Langhammer A, Holmen TL, Brat-
berg GH, Vatten L, Lund-Larsen PG: The Nord-Trøndelag Health
Study 1995–97 (HUNT 2): Objectives, contents, methods
and participation.  Norsk Epidemiologi 2003, 13:19-32.
27. Chalder T, Berelowitz G, Pawlikowska T, Watts L, Wessely S, Wright
D, Wallace EP: Development of a fatigue scale.  J Psychosom Res
1993, 37:147-153.
28. Loge JH, Ekeberg O, Kaasa S: Fatigue in the general Norwegian
population: normative data and associations.  J Psychosom Res
1998, 45:53-65.
29. Stone P, Hardy J, Huddart R, et al.: Fatigue in patients with pros-
tate cancer receiving hormone therapy.  Eur J Cancer 2000,
36:1134-1141.
30. Kurtze N, Rangul V, Hustvedt BE, Flanders WD: Reliability and
validity of self-reported physical activity in the Nord-Trønd-
elag Health Study (HUNT 2).  Eur J Epidemiol 2007, 22:379-87.
31. Courneya KS, Jones LW, Rhodes RE, Blanchard CM: Effect of
response scales on self-reported exercise frequency.  Am J
Health Behav 2003, 27:613-622.
32. Schechtman KB, Barzilai B, Rost K, Fisher EB Jr: Measuring physical
activity with a single question.  Am J Public Health 1991,
81:771-773.
33. Rauh MJ, Hovell MF, Hofstetter CR, Sallis JF, Gleghorn A: Reliability
and validity of self-reported physical activity in Latinos.  Int J
Epidemiol 1992, 21:966-971.
34. Dimeo F, Bertz H, Finke J, Fetscher S, Mertelsmann R, Keul J: An aer-
obic exercise program for patients with haematologicalPage 10 of 11
(page number not for citation purposes)
BMC Cancer 2007, 7:210 http://www.biomedcentral.com/1471-2407/7/210Publish with BioMed Central   and  every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
malignancies after bone marrow transplantation.  Bone Mar-
row Transplant 1996, 18:1157-1160.
35. Dimeo FC, Stieglitz RD, Novelli-Fischer U, Fetscher S, Keul J: Effects
of physical activity on the fatigue and psychological status of
cancer patients during chemotherapy.  Cancer 1999,
85:2273-2277.
36. Mock V, Dow KH, Meares CJ, Grimm PM, Dienemann JA, Haisfield-
Wolfe ME, Quitasol W, Mitchell S, Chakravarthy A, Gage I: Effects
of exercise on fatigue, physical functioning, and emotional
distress during radiation therapy for breast cancer.  Oncol
Nurs Forum 1997, 24:991-1000.
37. Dimeo B, Rumberger G, Keul J: Aerobic exercise as therapy for
cancer fatigue.  Med Sci Sports Exerc 1998, 30:475-478.
38. Schwartz AL, Mori M, Gao R, Nail LM, King ME: Exercise reduces
daily fatigue in women with breast cancer receiving chemo-
therapy.  Med Sci Sports Exerc 2001, 33:718-723.
39. Burnham TR, Wilcox A: Effects of exercise on physiological and
psychological variables in cancer survivors.  Med Sci Sports &
Exerc 2002, 34:1863-1867.
40. Najafi B, Aminian K, Paraschiv-Ionescu A, Loew F, Bula CJ, Robert P:
Ambulatory system for human motion analysis using a kine-
matic sensor: monitoring of daily physical activity in the eld-
erly.  IEEE Trans Biomed Eng 2003, 50:711-723.
41. Kurtze N, Gundersen KT, Nystad W: Svett og andpusten, jeg?
Fysisk aktivitet blant ungdom og voksne.  Statens institutt for
fokelhelse, seksjon for epidemiologi i samarbeid med Norges Idrettsforbund
og Olympiske komitè 2001.
42. Sogaard AJ, Bo K, Klungland M, Jacobsen BK: A review of Norwe-
gian studies-how much do we exercise during our leisure
time?  Tidsskr Nor Laegeforen 2000, 120:3439-3446.
43. Nord C, Mykletun A, Thorsen L, Bjoro T, Fossa SD: Self-reported
health and use of health care services in long-term cancer
survivors.  Int J Cancer 2005, 114:307-316.
44. Patterson RE, Neuhouser ML, Hedderson MM, Schwartz SM, Standish
LJ, Bowen DJ: Changes in diet, physical activity, and supple-
ment use among adults diagnosed with cancer.  J Am Diet Assoc
2003, 103:323-328.
45. Gustavsson A, Osterman B, Cavallin-Stahl EA: Systematic over-
view of radiation therapy effects in Hodgkin's lymphoma.
Acta Oncol 2003, 42:589-604.
46. Adams MJ, Hardenbergh PH, Constine LS, Lipshultz SE: Radiation-
associated cardiovascular disease.  Crit Rev Oncol Hematol 2003,
45:55-75.
47. Mert M, Arat-Ozkan A, Ozkara A, Aydemir NA, Babalik E: Radia-
tion-induced coronary artery disease.  Z Kardiol 2003,
92:682-685.
48. Erikssen G, Liestol K, Bjornholt J, Thaulow E, Sandvik L, Erikssen J:
Changes in physical fitness and changes in mortality.  Lancet
1998, 352:759-762.
49. Wannamethee SG, Shaper AG, Walker M: Changes in physical
activity, mortality, and incidence of coronary heart disease
in older men.  Lancet 1998, 351:1603-1608.
Pre-publication history
The pre-publication history for this paper can be accessed
here:
http://www.biomedcentral.com/1471-2407/7/210/pre
pubPage 11 of 11
(page number not for citation purposes)
